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Table 1
Characteristics and KOOS scores of female and male patients with acute ACL injuries.
Age (Years) BMI (kg/m2) Pain Symptoms ADL Sport/Rec QoL
Female 29.7  8.0 23.2  1.9 73.8  12.0 58.0  19.4 78.1  10.7 45.6  24.9 34.0  20.5
Male 29.6  1.0 25.4  3.5 73.2  20.8 67.9  20.7 85.3  19.3 56.1  25.4 38.8  19.5
P values 1.0 0.1 0.9 0.3 0.3 0.3 0.6
Table 2
Correlation coefﬁcients, R (P values), between KOOS and cartilage T1r and T2.
KOOS T1r T2
LFC LT PAT LFC LT PAT MFC
Pain NS NS -0.43 (0.07) NS NS -0.46 (0.05) NS
ADL -0.44 (0.07) -0.61 (0.004) -0.51 (0.03) -0.62 (0.004) NS -0.72 (0.001) -0.54 (0.02)
QoL NS NS -0.49 (0.04) NS NS -0.48 (0.004) -0.58 (0.007)
Table 1
Peri-articular bone measures are different between knee with and without medial
meniscal pathology
Medial Meniscal Pathology p-value
Absent (n ¼ 114) Present (n ¼ 350)
Age (years) 60.43( 8.50) 65.17( 9.07) <0.0001
Body Mass Index
(BMI) (kg/m2)
30.01( 15.21) 29.32 ( 4.41) 0.20
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S188Methods: Twenty-three patients with acute ACL injuries (9 females, age
¼ 29.6  7.0 years) were scanned after injury and before ACL recon-
struction (time from injury to MR scan: 58 40 days) using a 3 Tesla GE
MR scanner and an 8-channel phased array knee coil. All patients ﬁlled
in the Knee injury and Osteoarthritis Outcome Score (KOOS) during the
MR visit. KOOS is a validated patient self-administered questionnaire
that consists of 5 subscales: pain, other symptoms, activities in daily
living (ADLs), function in sport and recreation (Sport/Rec), and knee-
related quality of life (QoL) (100 indicating no symptoms and 0 indi-
cating extreme symptoms). The imaging protocol included sagittal T2-
weighted 3D fast spin-echo (FSE) images (CUBE) and sagittal 3D T1r
and T2 quantiﬁcation sequences (T1r: time of spin-lock ¼ 0/10/40/80
ms, spin lock frequency ¼ 500Hz; T2: preparation TE ¼ 0/13.7/27.3/
54.7ms). Cartilage was segmented semi-automatically in CUBE images
into six compartments: lateral/medial femoral condyle (LFC/MFC),
lateral/medial tibia (LT/MT), patella (PAT) and trochlea (TRO). The
regions of interest were overlaid to reconstructed T1r and T2maps after
registration, and the mean T1r and T2 values were calculated in each
compartments. The Spearman correlation coefﬁcients between each
subscales of KOOS, age, body mass index (BMI), time to injury and T1r
and T2 values in each compartment were calculated.
Results: KOOS scores decreased signiﬁcantly with increased age (R ¼
-0.53, P¼0.01 for SportsRec; R ¼ -0.37w-0.39, P ¼ 0.06 w 0.08 for the
other 4 subscales), slightly decreased in female patients compared to
male patients in all subscales except for pain (Table 1), slightly
increased with increased time to injury in all subscales (R ¼ 0.22 w
0.34, P¼ 0.1w0.3) except for Sprot/Rec (R¼ 0.1, P¼ 0.6) and showed no
signiﬁcant correlationwith BMI (all R 0.5). Signiﬁcant correlations were
observed between MRI T1r and T2 (especially in LFC, LT and PAT) and
KOOS (especially with the subscale of ADL) after adjusted for age,
gender and time to injury, Table 2.
Discussion and Conclusions: In this study, older age was associated
with worse patient-reported outcomes (lower KOOS) and there was
a trend of worse outcomes in female patients compared tomale patients
after acute ACL injuries, which are consistent with previous reports by
Ageberg et al and Dunn et al. Quantitative MRI, such as T1r and T2, are
sensitive for detecting early degeneration in the cartilage matrix. In this
study, signiﬁcant correlations were observed between KOOS and carti-
lage T1r and T2 after adjusted for age, gender and time to injury, indi-
cating an independent relationship between cartilage damage and
patient outcomes after acute injuries. Interestingly, in this study, the
correlations between KOOS and T1r and T2 measures are located not
only in the lateral side (LFC and LT, the primary injury side after ACL
tear), but also in the patella and MFC, suggesting a global disturbance of
cartilage homeostasis within the whole joint after the injury. We are
currently recruiting more patients to conﬁrm these ﬁndings and will
follow up the patients after ACL reconstruction to explore the longitu-
dinal relationship between patient outcomes and cartilage T1r and T2.Systemic BMD 0.96( 0.15) 0.96( 0.15) 0.89
M:L paBMD 1.05(0.13) 1.14(0.15) <0.0001
a.BV/TV 0.09( 0.06) 0 11( 0.07) 0 02
a.Tb.N (mnr1) 0.73( 0.33) 0.81( 0.37) 0 05
a.Tb.Th (mm) 0.12 ( 0.02) 0 13 ( 0.02) 0.02
a.Tb.Sp (mm) 1.79( 1.55) 1.63 ( 1.25) 0.29
Note: BV/TV ¼ bone volume divided by total volume (bone volume fraction); a.Tb.N
¼ apparent Trabecular Number; a.Tb.Th ¼ apparent Trabecular Thickness; a.Tb.Sp ¼
apparent Trabecular Spacing.358
MEDIAL MENISCAL PATHOLOGY IS ASSOCIATED WITH
PERIARTICULAR BONE MEASURES: DATA FROM THE
OSTEOARTHRITIS INITIATIVE
G.H. Lo y,z, L.L. Price x, J. Driban x, R. Ward x, T.E. McAlindon x. yBaylor Coll.
of Med., Houston, TX, USA; zMichael E. DeBakey VA Med. Ctr., Houston, TX,
USA; x Tufts Med. Ctr., Boston, MA, USAPurpose: Damaged menisci have impaired ability to distribute load
within the knee. Bone responds to load that is applied to a joint. In prior
studies medial tibiofemoral knee osteoarthritis (OA) has been associ-
ated with peri-articular bone measures that could be consistent with
remodeling or microtrauma. Therefore, we expect that medial meniscal
damage would be associated with measures of adjacent peri-articular
bone that are reﬂective of abnormal loading and OA.
Methods: We studied participants in the Osteoarthritis Initiative (OAI)
with at least one kneewith symptomatic knee OA, who had the OAI core
set of magnetic resonance (MR) images at the 24-month visit, and who
consented to dual-energy x-ray absorptiometry (DXA) and additional
MR imaging at the 30-/36-month OAI visits. The right knee was selected
as the index knee for these participants unless there was a contraindi-
cation for MR imaging; therefore, the index knee did not have OA as
a pre-requisite. A single musculoskeletal radiologist scored the 24-
month OAI core images for meniscal pathology by region (e.g., anterior,
body, and posterior horn) within the medial menisci using a modiﬁed
International Society of Arthroscopy, Knee Surgery, and Orthopaedic
Sports Medicine (ISAKOS) meniscal tear classiﬁcation system. To
simplify the classiﬁcation system we focused on two deﬁnitions: 1)
presence of any medial meniscal pathology (absent, present) and 2)
number of regions in the medial meniscus with meniscal maceration
(none, one, two or more). To quantify trabecular morphometry, one
reader measured 3T coronal-oblique 3D fast imaging with steady state
precession (FISP) images from the 30- or 36- month visit with a previ-
ously validated program. MR-based trabecular morphometry measures
[apparent bone volume fraction (a.BV/TV), trabecular number (a.Tb.N),
trabecular thickness (a.Tb.Th), and trabecular spacing (a.Tb.Sp)] were
evaluated in the proximal medial tibial subchondral bone. Using
investigational software, knee DXAs were obtained at the 30- or 36-
month visit providing measures of medial:lateral periarticular bone
mineral density ratios (M:L paBMD). Standard hip DXAs measured
femoral neck (systemic) bone mineral density (BMD). T-tests compared
baseline characteristics, systemic BMD, and peri-articular bone
measures in those with and without medial meniscal pathology. Anal-
yses of variance (ANOVA) were used to compare knees by number of
medial meniscal maceration regions. Because few knees had
Table 2
Peri-articular bone measures are different among knees with increasing medial meniscal maceration regions
Medial Meniscal Maceration p-values
Overall Individual Comp. (Tukey Adj.)
0(N ¼ 389) 1 (N ¼ 45) 2/3 (N ¼ 30) AN OVA Ov. 1 1 v. 2/3
Age (years) 63.47( 9.16) 67.76 ( 7.49) 65.40 ( 10.13) 0.008 0.01 0.51
BMI (kg/m2) 29.53 ( 4.65) 29.53 ( 4.79) 28.95 ( 4.22) 0.80 N/A N/A
Systemic BMD 0.96 ( 0.14) 0.99 ( 0.17) 1.01 ( 0.18) 0.11 N/A N/A
M:L paBMD 1.10 (0.14) 1.23 (0.14) 1.24 ( 0.18) <0.0001 <0.0001 0.99
a. BV/TV 0.10 ( 0.06) 0.15 ( 0.09) 0.15 ( 0.10) <0.0001 <0.0001 0.99
a.Tb.N (mm1) 0.75 ( 0.35) 1.01 ( 0.36) 0.99 ( 0.42) <0.0001 <0.0001 0.96
a.Tb.Th (mm) 0.12 ( 0.02) 0.14 ( 0.03) 0.14 ( 0.03) <0.0001 <0.0001 0.99
a.Tb.Sp (mm) 1.78 ( 1.40) 1.08 ( 0.61) 1.14 ( 0.62) 0.0003 0.005 0.98
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312 S189maceration in 2 and 3 regions, we collapsed these two groups into one.
For ANOVAs that were statistically signiﬁcant, individual pairwise
comparisons with Tukey adjustments were performed on each set of
adjacent cells (i.e. 0 vs. 1, 1 vs. 2/3).
Results: Among 464 knees, 114 (25%) knees had no medial meniscal
pathology, 350 (75%) knees had medial meniscal pathology; including
75 (16%) knees with medial meniscal maceration in at least one region.
Knees with medial meniscal pathology were older and had peri-artic-
ular medial tibiae with greater M:L paBMD, a.BV/TV, a.Tb.N, and a.Tb.Th
compared to knees without medial meniscal pathology (Table 1). Those
knees with more medial meniscal maceration regions had similar
ﬁndings in the peri-articular medial tibia including greater M:L paBMD,
a.BV/TV, a.Tb.N, and a.Tb.Th; also the a.Tb.Sp was lower (Table 2).
Conclusions: The presence of medial meniscal pathology is associated
with peri-articular bone measures in the medial tibia that could be
consistent with remodeling ormicrotrauma.Medial meniscal pathology
may lead to periarticular bone changes. Longitudinal studies of earlier
OA are needed to test this possibility.
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3D FEATURE SEVERITY MAPPING OF THE HIP WITH COMPUTED
TOMOGRAPHY REVEALS PATTERNS OF RADIOLOGICAL
OSTEOARTHRITIS
T.D. Turmezei y, D.J. Lomas y, M.A. Hopper z, K.E. Poole y. yUniv. of
Cambridge, Cambridge, United Kingdom; zCambridge Univ. Hosp. NHS
Fndn. Trust, Cambridge, United Kingdom
Purpose: Radiographs are limited in the assessment of hip osteoar-
thritis by their 2D planar output, which can overlook early disease
features and their overall 3D distribution. We present a new approachFigure 1. 3D feature severity mapping of the proximal femur for osteophyte severity
scores 1-3, Sectors in grey were excluded from the analysis (fovea and anterior reaction
area). Only the most severe feature score from each hip contributes to the maps
according to its severity, nmax ¼ the number of hips in the most frequent sector for
a given score (asterisked), ntotal ¼ the total number of hips with that score. Sectors are
shaded from white to red as a proportion of the nmax sector, thus representing the
severity distribution in 3D. An additional 82 hips had a severity score of 0.to assessing bony features of hip osteoarthritis with computed
tomography (CT), a process we have called ‘feature severity mapping’.
Methods: Clinical CT imaging of 456 hips from 230 female volunteers
(mean age 6617 yrs) were reviewed with standardised multiplanar
reformats to record osteophytes, subchondral cysts and joint space
width (JSW). A single reviewer used a novel topographic score-sheet to
register the location and severity of each feature (scored 0-3). After data
collection, a cumulative 3D ‘feature severity map’ of the proximal femur
was created to display the locations of most severe scores from each
individual.
Results: Osteophytes (deﬁnite in 52.2%) occurredmost frequently at the
inferoposterior and superolateral femoral head-neck junction across all
scores (ﬁgure 1).
Subchondral cysts (deﬁnite in 15.8%) were less common and more
scattered. Categorical JSW <1.5mm was recorded in at least one sector
of 82.9% of hips, most frequently in the posterior joint space.
Conclusion: This 3D analysis sheds new light on key regions of disease
in hip osteoarthritis. Frequent osteophyte occurrence at the supero-
lateral femoral head-neck junction corresponds with an established site
of impingement-related degeneration. Concordance of osteophyte and
joint space narrowing predominance at the posterior joint is a new
ﬁnding that suggests this region is important in disease development.
Further investigation is required to elucidate the biomechanical
mechanisms responsible for these ﬁndings. This work has also provided
the foundation for the development of a novel CT grading system for hip
osteoarthritis.360
THE DEVELOPMENT AND RELIABILITY OF A NEW CT GRADING
SYSTEM FOR HIP OSTEOARTHRITIS
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Purpose: Clinical trials are in desperate need of imaging biomarkers
that can predict the onset and progression of osteoarthritis (OA). While
MRI has advantages in the assessment of soft tissue components and
radiography is more easily accessible, computed tomography (CT) has
the potential to detect bony features of disease in 3D with greater
sensitivity and accuracy. Here we present the construction, reliability
and disease prevalence from a new CT grading system of hip OA.
Methods: In a previous study, we had developed a CT method for 3D
mapping of radiological OA features from themultiplanar assessment of
456 hips in 230 female participants (mean age 6617 yrs). We subse-
quently created a novel composite hip OA score (0-7) from a weighted
interpretation of disease features: osteophytes (0-3), subchondral cysts
(0-1), and JSW (0-3). A hip OA grading system was then derived from
the composite score (0-2 ¼ ‘none’; 3-4 ¼ ‘developing’; 5-7 ¼
‘established’).
We performed a reproducibility study to test reliability, with two
observers assessing 30 anonymised cases (60 hips in total), re-rando-
mised and re-assessed after a 1-month interval. Intra- and inter-
observer weighted kappa and overall percentage agreement were
calculated for feature scores, composite score and ﬁnal grade. Disease
prevalence was calculated according to the rate of ‘established’ grade
per individual (out of 456) and per hip (out of 230).
Results: Intra-observer weighted kappa statistic (95% CI) was
substantial for both composite OA score (0.76, 0.48-1.00) and OA grade
